s COMMON, POTENTIALLY SERIOUS
Hematuria is common. For example, in one study, 2 2.5% of men ages 28 to 57 tested positive for heme when screened by dipstick testing, as did 5.4% of men ages 18 to 54 in another study. 3 Hematuria can be due to an isolated anatomic disorder of any part of the genitourinary tract (TABLE 1)-or it can be the harbinger of a systemic disorder, notably cancer.
A panel convened by the American Urological Association 4 recently found that the prevalence of highly or moderately significant disease in patients with hematuria ranged from 0% to 56%. The prevalence of urologic malignancy in the studies reviewed ranged from 0% to 25.8%. The prevalence varied with the age and sex of the population assessed, the referral source, and the clinical setting, but it was highest in patients undergoing urologic evaluation, in the elderly, and in men. 4 In a prospective study of 100 patients over age 16 who were referred because of hematuria, 5 37% were found to have urinary tract cancer, while another 15% had a stone, chronic urinary retention, or ureteropelvic junction obstruction.
H
In a retrospective analysis of 110 patients who presented with hematuria, 4 the most common cause was neoplasia (41.8% of patients). Cancer was found in 22%, and the most common primary sites were the bladder (9%), the kidneys (6%), and the prostate (6%). The most common benign condition was benign prostatic hypertrophy (19%). Infection was the second most common diagnosis (26%), followed by nephrolithiasis (13.6%). A congenital abnormality was the cause in 3.6% of patients, trauma was the cause in 2%, and 12% had no identifiable cause. 6 s DEFINING HEMATURIA Hematuria is usually defined as more than 5 red blood cells per high-power field in the urinary sediment, although the definition is variable. 4 Dipstick tests that use orthotolidine can detect this low number of red blood cells, but they also may be positive in the presence of free hemoglobin or myoglobin.
Healthy people can excrete as many as 3 red blood cells per high-power field, or even more (temporarily) following vigorous exercise as a result of injury to structures in the kidney or bladder. 7, 8 s CLUES FROM THE HISTORY When during urination does the blood appear? Hematuria at the start of urination suggests a problem in the urethra distal to the urogenital diaphragm, while hematuria throughout urination suggests upper urinary tract or upper bladder disease, and hematuria at the end of urination suggests a problem in the bladder neck or the prostatic urethra. 
HEMATURIA MAZHARI AND KIMMEL

Workup for hematuria
In a woman with hematuria, it is important to determine if she is menstruating at the time of the evaluation so that extra care is taken to obtain an uncontaminated urine specimen for analysis.
Do you have to urinate often? Does it hurt?
Increased frequency and dysuria in a patient with hematuria may point to a urinary tract infection or uroepithelial malignancy. Colicky pain suggests a stone.
Hematuria without pain suggests something other than nephrolithiasis, infection, or papillary necrosis, but does not rule them out. Nevertheless, painless hematuria in the absence of signs and symptoms of renal disease or urinary tract infection should prompt an investigation for genitourinary malignancy.
Have you lost weight or been sick? Weight loss, extrarenal manifestations (rash), arthritis, arthralgia, or pulmonary symptoms suggest a variety of systemic illnesses, including vasculitic syndromes, malignancy, and tuberculosis. A recent sore throat or skin infection is consistent with poststreptococcal glomerulonephritis.
Do you take any medications?
A detailed history of drugs prescribed to and used by the patient is very useful, since many drugs can cause either hematuria or discoloration of the urine (TABLE 1) . Heavy or surreptitious use of analgesics may be associated with analgesic nephropathy, which can be associated with hematuria, and papillary necrosis. 9 Use of oral contraceptives has been associated with loin-pain hematuria syndrome. Smokers have a higher risk of developing bladder cancer, as do patients treated with cyclophosphamide.
Family history, travel history
Ask about any family history of hematuria, sickle cell disease, polycystic kidney disease, or other renal disease, and about travel to areas where schistosomiasis or malaria is endemic.
s PHYSICAL EXAMINATION
Hypertension, especially if new, may be a sign of renal disease. Petechiae, arthritis, mononeuritis multiplex, and rash suggest coagulopathy, immunologic disease, or vasculitis. Hearing should be evaluated if Alport syndrome is suspected (see below). Examination of the prostate and urethral meatus is part of a complete evaluation.
s LABORATORY ANALYSIS
Is it really blood?
The clinician must distinguish hematuria from pigmenturia (discoloration of the urine). Therefore, the first step in the laboratory evaluation is to inspect the urine and do a dipstick test. (Remember, however, that the dipstick test will be positive in cases of hemoglobinuria or myoglobinuria, as well as in hematuria.) Dipstick tests also give a semiquantitative measure of protein excretion.
If the dipstick test is positive for heme, the next step is to determine if urine protein excretion is increased and if red blood cells, white blood cells, casts, or crystals of the urine are shown on microscopic examination. The physician should perform microscopic urinalysis in every case in which the differential diagnosis of hematuria is considered.
Is there protein in the urine?
The dipstick test already gave you information about protein, which you can follow up with either a random or a 24-hour quantitative measurement if the urine protein is greater than trace.
Increased urinary protein excretion can be an extremely important diagnostic discriminator. Since the glomerular basement membrane is normally relatively impermeable to albumin, an increased ratio of urinary albumin to creatinine is diagnostic of glomerular disease, typically either glomerulonephritis (such as lupus nephritis) or glomerulopathy (such as membranous nephropathy).
Urinary protein excretion in the range of 1 to 1.5 g/24 hours may accompany tubulointerstitial disease rather than glomerular disease, especially if albumin is not an important component of the urinary protein. Proteinuria in the nephrotic range (> 3 or 3.5 g/24 hours or a urinary protein-to-creatinine ratio > 3 or 3.5 on a spot specimen) is typically associated with glomerular disease.
Are there cells or casts in the urine?
The next step is to perform a microscopic examination of the sediment of a recently obtained and centrifuged urine sample under both low and high power.
If the dipstick test is positive but no red blood cells are seen in the sediment, then endogenous and exogenous causes of pigmenturia should be considered (TABLE 1). Hematuria without formed elements (blood cells or casts) or proteinuria is called "isolated hematuria." We will discuss the specific aspects of the evaluation of isolated hematuria below.
Dysmorphic or irregularly shaped red blood cells may be detected with phase-contrast microscopy. 10 If more than 20% of cells are dysmorphic, this strongly suggests a glomerular origin of the bleeding. 10 
Many drugs either cause hematuria or discolor the urine
Another clue that the bleeding is of glomerular origin are red blood cell casts, which are usually diagnostic of glomerulonephritis.
Red blood cell casts suggest an inflammatory process rather than a disorder of basement membrane structure or function, or abnormal glomerular matrix metabolism. Pyuria with hematuria necessitates testing to rule out urinary tract infection, a very common cause of hematuria (FIGURE 1). A urine Gram stain, culture, or both should be performed.
Does the patient have a bleeding diathesis?
If a patient has a positive dipstick test, erythrocytes in the sediment, and no protein in the urine (ie, isolated hematuria), the next step is to test for a bleeding diathesis by obtaining a platelet count, prothrombin time, and partial thromboplastin time, and, if the patient is black, a test for sickle cell trait. 11 If these tests are negative, then the patient should be evaluated for renovascular and urologic diseases as well as nephrolithiasis, using radiographic techniques (see below).
Does the patient have cancer?
Patients with isolated hematuria and an otherwise unremarkable laboratory evaluation should undergo imaging of the kidney and genitourinary tract as well as cystoscopy, because of the possibility of malignancy, its ominous prognosis, and the need for rapid treatment.
How much emphasis to place on the patient's age when planning this evaluation is controversial, but the American Urological Association recently issued guidelines on risk stratification. 4, 12 Cystoscopy can be deferred in low-risk patients, eg, those under age 40 without risk factors for bladder cancer. 12 However, these patients should undergo voiding urinary cytologic testing.
Urine cytology is a cost-effective test that is especially recommended if cystoscopy needs to be deferred. 4 It has a sensitivity of 40% to 76% for detecting bladder cancer, depending on the number of samples sent and the stage of the malignancy.
Urine cytology may be particularly useful in patients at high risk for uroepithelial tumors (eg, smokers, people who overuse analgesics, people over age 40, people exposed to chemicals or dyes, and people with irritative voiding symptoms). 4 All patients with hematuria and abnormal findings on voided urinary cytology should undergo a complete urologic evaluation, including cystoscopy. 4 Other potential urinary markers for genitourinary malignancies are reviewed by Grossfeld et al. 4 Patients taking anticoagulants A complete urologic evaluation is also necessary for patients with hematuria who are taking anticoagulants.
The significance of hematuria in these patients has been addressed in several studies. A retrospective study of patients who presented with gross hematuria while receiving warfarin or aspirin revealed urologic findings in 74%. 13 If the evaluation does not reveal a structural abnormality, then glomerular causes of isolated hematuria (such as immunoglobulin A nephropathy or thin basement membrane disease) or small arteriovenous malformations should be considered.
s DIAGNOSTIC IMAGING METHODS
A variety of imaging methods are available for the further diagnostic workup of patients with hematuria. The choice of method depends on the suspected cause of hematuria, based on the history and laboratory analysis. For example, patients with isolated hematuria require a technique that yields the best images of both the renal parenchyma and uroepithelium.
Intravenous pyelography
Intravenous pyelography, the traditional choice for evaluating the urinary tract, provides detailed images of the collecting structures. Other advantages: it is relatively inexpensive and its technique is standardized.
However, intravenous pyelography has low sensitivity in detecting masses smaller than 3 cm in diameter and has limited use in evaluating the bladder and urethra. 14 It also requires contrast material, which poses a risk of nephrotoxicity in patents with renal insufficiency.
Smoking, heavy analgesic use, age over 40, and chemical exposure increase tumor risk
Renal masses are often found during the radiologic evaluation of patients with isolated hematuria (TABLE 2) . The character of a mass detected by intravenous pyelography should be further investigated by ultrasonography or computed tomography (CT). 15, 16 If intravenous pyelography is negative in a patient with isolated hematuria, urologic evaluation including cystoscopy is the next step (see below).
Ultrasonography
Ultrasonography of the kidney is excellent for confirming and characterizing a cyst and can be used in patients with renal insufficiency, as it does not require intravenous contrast. Disadvantages: its accuracy is lower for detecting solid lesions smaller than 3 cm in diameter, and it is poor for evaluating the uroepithelium. 12 Computed tomography CT with contrast is the best imaging test for detecting small renal parenchymal masses, urolithiasis, and renal abscesses. It is approximately as good as magnetic resonance imaging (MRI) at detecting small parenchymal masses, and it is less expensive. However, it is more expensive than ultrasonography or intravenous pyelography. The major limitation of CT is that it lacks sensitivity in detecting uroepithelial malignancies.
CT urography, ie, the combination of CT and radiography after contrast-enhanced CT, provides higher detection rates. 12 In patients with underlying renal insufficiency or contrast allergy or both, the combination of ultrasonography and retrograde pyelography should be considered. 12 Cystoscopy None of the above tests can completely evaluate the bladder mucosa, so cystoscopy should be part of the evaluation of all patients with isolated hematuria over 40 years of age, and of younger patients with risk factors for genitourinary malignancy. 12 
Angiography
If the above studies are negative, the possibility of a small arteriovenous malformation should be considered, and angiography may be used to evaluate for this. Otherwise, the patient should be followed at 6, 12, 24, and 36 months, since bladder cancer can be preceded by hematuria. 12 Urinalysis, urine cytology, and blood pressure should be assessed during follow-up visits.
s EVALUATION OF A RENAL MASS
Any mass found on intravenous pyelography must be defined as a simple cyst, a complex cyst, or a solid mass. An avascular cyst with a thin, sharply marginated wall and homogeneously radiolucent density fulfills the criteria for a simple cyst. Confirmation of the nature of a complex cyst or solid mass typically requires ultrasonography, CT, or MRI, as these techniques can detect and characterize lesions of the renal parenchyma. 12, 16 Complex cysts and solid masses are more likely to represent malignancies.
When ultrasonography and CT studies were combined in one study, 17 
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appears to be a complex cyst or a solid mass, the patient should be referred for urologic consultation. The further radiologic and surgical management of these patients is beyond the scope of this article.
s RENOVASCULAR DISEASES
Renal arteriovenous malformations
Renal arteriovenous malformations are usually asymptomatic, but some can present with gross hematuria. These malformations are more common in young female patients and are either acquired or congenital. Acquired arteriovenous malformations, or arteriovenous fistulae, account for 70% to 80% of renal arteriovenous malformations. They can result from surgery, trauma, tumors, or inflammation, and they are usually asymptomatic. The most common clinical manifestation is an abnormal bruit, although this may not be present in every case. 18 Congenital arteriovenous malformations usually present with gross hematuria.
Diagnosis. If a renal arteriovenous malformation ruptures, the patient can present with flank pain and signs of retroperitoneal bleeding. 19 The appearance of the malformation on CT is a valuable diagnostic tool during the vascular and early cortical nephrographic phases. 18 Magnetic resonance angiography (MRA) studies provide more sensitive tissue contrast and evaluation of the renal vasculature and do not require contrast. The gold standard for the diagnosis of a renal arteriovenous malformation, however, remains arteriography. 20 
Renal artery thrombosis
Renal artery thrombosis can result from trauma, inflammatory vascular disease, 21 or infections that damage the endothelium. It can present with flank and abdominal pain, nausea and vomiting, and gross or microscopic hematuria, 22, 23 but the presentation is variable. Whether renal insufficiency, oliguria, or both develop depends on the extent of the involvement and whether the disease is bilateral.
Atheroembolic disease
Atheroembolism of the renal arteries is associated with cardiac disease and arrhythmias and may also be a complication of intra-arterial catheterization. The presentation depends on the size, number, and location of the emboli. Patients can present with abdominal pain, fever, nausea, vomiting, and gross hematuria, as well as variable levels of renal insufficiency.
Renal vein thrombosis
Renal vein thrombosis often presents insidiously in patients with nephrotic syndrome 24 or renal cell carcinoma. 25 Acute renal vein thrombosis is rare in adults, but may occur after blunt abdominal trauma or renal transplantation. 26 Oral contraceptive use and hyperhomocysteinemia may be risk factors for acute renal vein thrombosis. 27 The clinical presentation depends on the rapidity and extent of the renal vein occlusion. Acute renal vein thrombosis is typically characterized by sudden onset of flank pain and macroscopic hematuria.
Doppler ultrasonography is usually used as an initial study for evaluation of suspected renal vein thrombosis. If the ultrasound findings are indeterminate and renal function is impaired, MRI is useful. CT is also used for diagnosis if renal function is preserved. 19, 28 Renal venography remains the gold standard to establish the diagnosis, but this invasive procedure may not be necessary in many cases.
Loin-pain hematuria syndrome
Loin-pain hematuria syndrome is rare. The cause is not known. 9 It has typically been seen in young women of childbearing age who were using oral contraceptives. The clinical presentation is usually hematuria without pyuria, but low-grade proteinuria may be present.
The diagnosis is usually made after an unrevealing imaging study is followed by renal angiography. Although these patients may have microscopic renal vascular and histologic abnormalities, 29 arteriography reveals narrowing and tortuosity of terminal branches of the renal vessels and segmental ischemia.
One study suggested a relationship between loin-pain hematuria syndrome and glomerular abnormalities, 29 but large epidemiologic or clinicopathologic correlative studies to confirm the association have not been performed.
Renal AV malformation is usually asymptomatic and is most common in young females
The first step in treatment is to stop oral contraceptives, but symptoms do not always remit. Occasionally, renal autotransplantation has been performed. 9 s GLOMERULAR DISEASES
Poststreptococcal glomerulonephritis
Poststreptococcal glomerulonephritis typically presents with hematuria associated with edema, hypertension, or both 30 ; 30% of patients have an episode of gross hematuria. Renal insufficiency is usually present and often progresses over days. The subclinical form of the disease can present with microscopic hematuria with or without hypertension. It follows an episode of pharyngitis (1 to 3 weeks) or impetigo (3 to 6 weeks) and typically affects children between the ages of 2 and 10 years. Fewer than 10% of patients are over age 40. 30 Deposits of IgG and C3 are found within glomeruli, suggesting deposition of immune complexes. Poststreptococcal glomerulonephritis is typically associated with hypocomplementemia.
Renal biopsy is not indicated if the clinical suspicion of poststreptococcal glomerulonephritis is high-for example, in a patient with typical findings and with high titers of antistreptolysin O and low complement C3 levels. But in a patient with normal serum complement levels at the time of presentation or persistently low complement levels after 2 months, renal biopsy should be considered to rule out other glomerulopathies that can have a similar presentation, such as lupus nephritis and membranoproliferative glomerulonephritis (TABLE 1).
The disease is usually self-limited, and the long-term prognosis is excellent.
Immunoglobulin A nephropathy
IgA nephropathy is a glomerular disease most common in persons of Asian and southern European descent and very uncommon in African Americans. It affects mostly children and young men. Patients often present with macroscopic or microscopic hematuria after an upper respiratory infection.
On light microscopy, different types of proliferative glomerulonephritis can be seen, such as focal or diffuse mesangial proliferative glomerulonephritis. 31 Immunofluorescence microscopy demonstrates IgA immune deposits in the mesangium and the glomerular capillary walls. On electron microscopy, electron-dense deposits corresponding to immune deposits may be appreciated in the mesangium and within glomerular capillaries.
The course is often indolent, but about one third of patients reach end-stage renal disease after 20 years, particularly those who have hypertension, heavy proteinuria, or renal insufficiency at the time of presentation. 32 Thin basement membrane disease Thin basement membrane disease presents most commonly with microscopic hematuria, usually with minimal or no proteinuria.
No histologic abnormality is found on light and immunofluorescence microscopy. Diffuse and uniform thinning of the glomerular basement membrane is seen on electron microscopy, but this can also be seen in early Alport syndrome and IgA nephropathy. 33 Renal function is normal.
The clinical course is benign, and the disease is not associated with progressive loss of renal function or the development of endstage renal disease.
There are undefined familial patterns of inheritance (benign familial hematuria). Relatives of patients with this disease often have microscopic hematuria. In a prospective study of the natural history of nonproteinuric hematuria, 34 IgA nephropathy and thin basement membrane disease were the most prevalent pathologic findings.
It is important, however, to establish the diagnosis of a particular glomerulonephritis with a degree of clinical certainty, since many of these diseases may have an ominous prognosis. Kidney biopsy may be desirable for further evaluation. 35 The disease is caused by a mutation in a gene encoding for a protein of type IV collagen. The pathologic findings on light microscopy are nonspecific. Immunofluores-cence microscopy may show nonspecific granular deposits of C3 and IgM. The salient diagnostic abnormality is the variable thickening, thinning, and lamellation of the glomerular basement membrane seen on electron microscopy.
Hematuria is the cardinal feature in affected males and in some female carriers. In children, episodes of hematuria may follow a sore throat or other infection. Hematuria may reflect fragility of the glomerular basement membrane in the absence of the normal collagen network formed by the type IV collagen chains.
Progressive renal dysfunction and the development of renal failure are almost universal in affected males. Most female carriers, however, survive into old age with minimal renal disease. Sensorineural hearing loss, eye defects, and cataracts are commonly associated with this syndrome. 35 
Fabry disease
Fabry disease is an X-linked recessive lysosomal storage disorder caused by a deficiency of alpha-galactosidase A, leading to accumulation of glycosphingolipids in the kidneys, skin, nerves, and eyes. Skin involvement occurs typically as reddish purple macules. Peripheral and autonomic neuropathy and accelerated coronary artery disease are other clinical manifestations. Renal involvement is manifested by hematuria and proteinuria, which often progresses to nephrotic-range proteinuria.
The major histologic findings are enlarged glomerular epithelial cells with foamy-appearing vacuoles on light microscopy and "zebra bodies" within the cytoplasm of podocytes on electron microscopy. 36 Nail-patella syndrome Nail-patella syndrome is a congenital glomerular disease that can present with microscopic hematuria and proteinuria. Renal involvement is associated with characteristic skeletal changes such as dystrophic nails, patellar hypoplasia, and dislocation of the radial head of the elbow. It is inherited in an autosomaldominant fashion. Approximately 30% of the patients progress to end-stage renal failure. 36 s TUBULOINTERSTITIAL DISEASE Polycystic kidney disease Polycystic kidney disease is a systemic hereditary disorder, with several different genetic loci associated with different phenotypic presentations. The disease has autosomaldominant and autosomal-recessive (childhood) forms. It is the fourth most common cause of end-stage renal disease in the United States.
The classic presentation used to be hematuria in the presence of a flank mass, but intensive family studies, including screening and less cumbersome diagnostic techniques, have rendered this scenario relatively uncommon. Hematuria can be present in 50% of cases.
Polycystic kidney disease is easily diagnosed by ultrasonography, CT, or MRI, but ultrasonography is the procedure of choice, since it is relatively inexpensive and highly sensitive. 37 MRI is more sensitive in detecting the disease in younger patients, however.
The disease is often progressive, but progression is variable.
Analgesic nephropathy
Analgesic nephropathy is usually chronic and asymptomatic. The disease is typically characterized by renal insufficiency, non-nephrotic, low-grade proteinuria, and asymmetric, scarred kidneys. Patients are often found to have abnormal renal function, and a history of long-term analgesic use (typically in the range of kilograms ingested over years) is paramount to the diagnosis.
CT of the kidneys may be quite helpful in confirming the diagnosis. Patients with renal papillary necrosis, however, can present with pain and macroscopic hematuria. Patients with analgesic nephropathy may have an "active sediment," ie, with pyuria, proteinuria, and red blood cells. Urinary tract infection must be ruled out in such cases. Urologic evaluation is mandatory, since analgesic use may be associated with the development of uroepithelial tumors. [38] [39] [40] Polycystic kidney disease often progresses, but variably Nephrolithiasis Nephrolithiasis is common and can present with hematuria. Colicky pain is often an important accompanying complaint, aiding diagnosis. The disease may be idiopathic or associated with metabolic disorders such as hyperparathyroidism, gout, cystinuria, or hypercalciuria.
The diagnosis can be suggested by crystalluria and is often confirmed by an imaging study. The types of syndromes associated with nephrolithiasis 41 are beyond the scope of this review. Nephrolithiasis is often associated with urinary tract infection and should be considered as a diagnostic possibility in the patient with recurrent symptoms unresponsive to antibiotic therapy (see below).
Sickle cell nephropathy
Sickle cell trait and disease are associated with a number of renal diseases. 11 Sickle cell nephropathy can present with hematuria. The most common manifestations are hematuria, proteinuria (occasionally in the nephrotic range), acute renal failure, chronic renal insufficiency, and renal tubular acidosis. 11 s KIDNEY INFECTIONS Pyelonephritis Pyelonephritis can present with microscopic or gross hematuria. The associated symptoms are typically flank pain and fever. Gram stain and culture of the urine confirm the diagnosis.
Renal tuberculosis
Renal tuberculosis can present with gross hematuria, flank pain, dysuria, and pyuria. Constitutional symptoms are seen in 10% of cases. This condition is a local manifestation of a generalized infection and occurs as a result of bloodstream dissemination. 42 Genitourinary tract tuberculosis should be suspected if the patient has sterile pyuria, a history of tuberculosis, a positive purified protein derivative (PPD) test, or renal parenchymal calcifications on abdominal radiography.
Mycobacterium tuberculosis in the urine 42 or a positive urine culture confirms the diagnosis. Ureteral strictures associated with the scarring of renal tuberculosis can appear as "beading" on intravenous pyelography.
s BLADDER DISEASE
Bladder diseases that can cause hematuria include cystitis, tumors, tumor-like lesions, stones, and inflammatory processes (TABLE 1) . Transitional-cell carcinomas account for approximately 85% of malignant bladder tumors.
Schistosomiasis
Schistosoma haematobium is endemic in many areas of Africa and the Middle East. It causes a bladder lesion as a result of the deposition of eggs in the submucosa, with a subsequent granulomatous reaction. Patients may experience severe irritative symptoms during voiding. Hematuria is common. The disease may progress to renal insufficiency, with the subsequent gradual onset of hydronephrosis or obstructive uropathy.
Tuberculosis of the bladder
Tuberculosis can cause bladder lesions, almost always as a consequence of renal involvement. Red, inflamed, bullous lesions, which usually appear near the ureteral orifices, are associated with ureteral strictures and hydronephrosis.
Other conditions
Prostatitis, benign prostatic hyperplasia, prostatic carcinoma, and urethritis can also present with hematuria. 4 Travel to Africa or the Middle East raises suspicion of schistosomiasis in a patient with hematuria
